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MEANS OF AFFECTING THREAT COSMIC OBJECTS.

The aim of studies into the means of affecting threat cosmic

(TCO) is to find out the TCO neutralization technologies:

. methods and technologies of exploding thermonuclear charges;

. specialized  thermonuclear charges and means providing their e

objects

ficiency

which ensure an efficient terrestrial  defense under restricting  parameters

presented by potential specifications of TCO detection systems and

systems of the operation platform delivery to the point of TCO encounter

over the range of TCO physical  characteristics as wide as possible:

– dimension  form;

— chemical  composition;

— mechanical and strength  characteristics;

— rotation;

– gas and dust environments.

EXPLODING TECHNOLOGY  OF TCO NEUTWLIZATION.

1. Contact exploding of thermonuclear charges.

2. Deepened exploding of thermonuclear charges.

3. Sequential  exploding  of thermonuclear charge series.

4. Remote TCO affecting.  Technologies  of “intermediate bodies”.

Technologies of “rendezvous” conditions.
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RESULTS OF WORKS ON SELECTING  TECHNOLOGIES OF TCO

NEUTRALIZATION MEANS SHOULD INCLUDE:

● the maximum efficient set of thermonuclear charges (weight, energy

release);

. technical safety means and exploding  technologies;

. designs of platforms with charges and technologies of software-hardware

procedures coordinated with capabilities  of rocket delivery means for:

– the “near interception” system on duty operating from ten hours to

several days;

– the “distant in

year.

exception ” system operating from several month to one
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WAYS AND FORMS OF INTERNATIONAL COOPEWTION.

. Set up the International Institute  aegis of the United Nations Organization

to coordinate the works on the system of terrestrial  defense from TCO.

. Work out the Russian proposal for the World Community:

– proposals  for meetings at the summit;

— proposal for the Anniversary Session of UNO;

proposal for cooperation at a yearly political and economic forum in

Davos.

● Combine the unclassified  project character and regime of rocket-nuclear

technolo~ nonproliferation;

the charge and explosion system environment excludes unauthorized

explosion on the Earth; special safety requirements;

operation of the system in “UNO hands”;

“equipping”  the system on the principle of a “piston” setting  at the

last moment before the start by the nuclear club country operating the

system of terrestrial  defense  from TCO.

. The system of terrestrial  defense from TCO is the first stage of approach to

employment of cosmic bodies for technologies of cosmic ecopower based on

orbital solar mirrors:

— night-time illumination of cities;

raising the productivity of agriculture in the regions  of critical

farming;

— raising the sea productivity in circumpolar regions;

— show melting control in threat zones;

— solar central heating and power plants.
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The specific  nature of effects produced by the nuc-

lear explosion on hazardous cosmic objects (asteroids and

comets) is an extremely  high initial energy concentration

at specific temperatures of about tens of millions of

degrees. At such energy concentrations the specific weight

of the radiant energi and hence the energy radiation in-

to space become essential. This radiation  specifies  useless

and irretrievable 108s08  of the nuclear explosion energy.

Another aspect of the high energy concentration iS a

low efficiency  of the explosion energy use for imparting

momentum to an asteroid- The matter particle, leaving as-

teroid with the kinetic energi of EK, takes momentum

P= ~ 2*M*EK’ ,

while giving to asteroid the same momentum of the opPo-

eite sign.

If in this case evaporation of the asteroid matter

takes place and q portion  of E energy acquired by the

particle is spent for doing this, so that

EK = E - q*E = E*(1 - q) ,
then

P= d 2*M*E*(l-q) .



The value of q is

the energy concentration
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never close to

in a diverging

unity, and if

shock wave is

lower than some limit (about 5-10 MBar

teroid), the expenditure on the cosmic

ration vanishes at all, and q = O. In

for the iron as-

body matter evapo-

terms of maximum

effecte produced upon asteroid to change its trajectory

the greatest possible nuclear explosion energy dispersion

over the maximum mass of the body matter is thus seen

to be advantageous.

In the context. of the present work the factor of

nuclear explosion energy losses by radiation has been es-

timated. These estimate8 show the following:

1. For the nuclear explosion over the iron asteroid

eurfase, taking place in a wide range of explosive  capa-

cities and distances to the surface
15 19

density changed from 10 to 10

of energy absorbed by the asteroid

ween the limits

taken to reduce

nuclear explosion

mely low-

3% and 5%. If no

the energy radiation

(the radiation flux

erg/cmz), the amount

surface changes bet-

8pecial efforts are

into the space, the

energy employment is found to be extre-

2. If special efforts are taken to reduce the energy

losses by radiation (due to screens opaque to radiation),

it is possible to decrease these losses by the order of

magnitude at 4 kt/m density of distributed  explosion ene-

rgy, thus greatly increasing the nuclear explosion energy

use.
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Abstract

In interception large asteroids at small distances from the

Earth, when the time prior to impact is seved hours or less, very

high explosions yields are required to destruct asteroid into

fmgments  posing no haza.rd to ecology. Under these conditions of

great importance is the increase of the factor converting the

explosion energy into kinetic energy of scattering fragments,

which can be achieved by double sateroid affecting. The first

“weak” effect makes sateroid fragments disperse at the velocity  no

more than the escape velocity  (relative to asteroid). While asteroid

is under dispersed condition, a more powerful charge is introduced

into its center, which comes into action with collapse of asteroid

rock constituents and provides a high factor of explosion energy

transition to kinetic energy of its fragmets.

The efficiency  of this method of asteroid affecting  is the

objective  of present paper.
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1, We consider  conditions of asteroid rock constituents

dispersion, when asteroid is first affected by a low-power

explosion ,

It is assumed that mechanically affected asteroid rock

constituents uniformly  disperse in space, Asteroid has a spherical

shape, The fragment motion on the outer asteroid surface is

described by the set of equations

dR—=
dt ‘“

(1)

dv GM

dt— ‘-F ‘
(2)

with t = O , R = ~, V = VO , initial conditions, where R is the

asteroid radius, M is the asteroid mass, v is the velocity  of its

surface motion, G = 6,7.10-8cm~g-ls-Z is the gravity constant.

Having divided the right and left sides of the set of equations

(l), (2) termwise, we obtain

dR VR2—= .—
dv GM

equation, whose solution has the following form:

4
G1

1 \ v: - V2
—-— =
R. R) 2 ‘

(3)

It specifies the maximum asteroid expansion dependig on its initial

surface velocity  VO:

[1
3

where ~= ~ = $ is the ratio between
Po

(4)

the density at the end of

the scattering stage and initial asteroid density,

V2
~[1

, ~,= /m=— — is the escape velocity  (relative to asteroid),
Vo y~
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From (2) and (3) we derive the time relationship:

●

.The total time of asteroid being in an expanded stage

T=2t& can be given as

where

(5)

(6)

(7)

(it has been obtained from (5) by substituting V= VOA).

Relations (4), (6) ~ (7) specify  the time of asteroid being in an

expanded state T depending on the required dispersion of asteroid

~ It should be noted that the dimensionrock constituents d= —.
Po

factor in relation (6)

( p, is in

densiny and is

(8)
/

R. &3 0,133.104
‘= E=v &

s

g/cmS ) depends solely upon the initial asteroid

independent  of its other paramete~  (dimesions,

mass). By this is meant that the derived relationship is also true

for all fragments within the asteroid space, i. e. all parts of asteroid

move during scattering and later compression in a similar manner,

In particular, the state corresponding to

attained for all asteroid fragments at one

that this situation is trivial.

the escape velocity  is

time, It is not unlikely
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Fig. 1.

Dependence  of time of asteroid being under dispersed

conditions on its rarefaction level, which is described  by relations

(4), (6), (7) and (8).

J= : has been plotted on the abscissa, T~~ has been laid

off as ordinate ( T is in seconds, PO is in g/cms ).

By way of example let us find, how much time the asteroid,

having the density of rock constituents POS3 g/cms, will be in an

expanded state, if it is required to disyme it in an al.re.m-ge
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density by an order of magnitude (3= 0,1). In this case we derive

T=0,64.104S, i, e, about two houm irrespective of asteroid

dimensions or its mass..

2. We estimate the kinetic energy ~ that should be spent on

asteroid expansion to the required averige density. As the asteroid

radius increases f mm & to

expanding the spherical layer

~ the following energy is spent on

having initial dimensions ro, rO +drO:

drn = 4mr~pOdr0, (9)

where m is the mass of asteroid part within the spherical layer.

Integrating (9) with respect to the asteroid space, we derive

Consider an example: the radius of asteroid is

density pO=3g/cm~, the required dispemion of rock

(lo)

&e100  m, the

constituents is

P = OJO Breed on ~]ation (10), the kinetic energy  needed ‘or6= —
Po

that will be ~ s3.4*1014ergs8,1 kg of explosive. If -1% of explosion

energy goes over into kinetic energy of scattering, the energy of

-It of explosive will be needed for the required dispersion of

asteroid rock constituents (by an order of magnitude in an average

density).

It should be noted that in the case above it will take only

twice as much energy (6,35.101 Aerg) to give the escape velocity  to

asteroid fragments (in relation (10) ~sO). That is in our example

the asteroid scattering with no later gathering of its fragments can

be ea~ily done without the second effect  produced by explosion of

a more powerful charge at its centrer, The efficiency  of double
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effecting  would increase, if the

rarefaction d lowered, However, in

second charge to the asteroid center

level of rock constituents

this case the delivery of the

poses greater difficulties. .

It seems likely that the low power of the first (“weak”) effect

W as compared with the power nesessary for imparting the escape

3 M2Gvelocity  to asteroid fragments W2 = -—
54

could be taken as

criterion for the double affecting  efficiency,  that is

w—=
[1
1-3 ~ << 1,

W2

Non-fulfilment  of this condition means that the power of

first (“weak”)  effect is comparable to the power necessary

imparting the escape velocity  to asteroid fragments, I e.

the

(11)

the

for

the

problem of imvocable asteroid dispersion can be solved without

the second explosion, for which purpose the first effect  energy

release is to be slightly increased (as in the above example). On

the other hand, satisfaction of requirement (11) limits the

possibility of asteroid rock constituents dispersion in an average

density by 3 ~-l

powerful charge

the conclusion

parameters.

region, that is the possibility of the second more

delivery  to the central asteroid region. Note that

made is independent  of particular asteroid

The interrelation between # and ~= ~ which is specified
2 Po

by (11), is shown in Fig. 2 as an illustrative example. .
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Fig. 2

Interrelation between the power of the first effect  W

produced upon wteroid  and dispersion in an average rock

constituents density ~= ~ , which is attained in this case.
Po

Portion [1] in Fig. 2 corresponds to rather low values of the

first explosion energy release ~ as compared to W2, therefore  the

tactics of double  asteroid affecting  can hardly be considered as

justified (~ S02WZ).  Portion [2] corresponds to the condition,

according to which asteroid rock constituents dispersion is to be

sufficient for making it possible to implement thesecond more

powerful effect (P SOJPO). We see that these regions do not meet,

which points to the difficulties  associated with implementation of

efficient  double  asteroid affecting  irrespective of its parameters.
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3, The above considerations are true for the case of “distant

interception”, when asteroid is affected in advance and there are

no time limitations. However, in “near interception” under limited

time conditions the escape velocity  imparting to asteroid

fragments may turn out to be insufficient  for the required asteroid

rock constituents dispersion prior to its impact against the Earth.

To estimate the asteroid expansion velocity  in this case we refer to

equations (1) and (2), having added t=m, R = m, v = o condition

to them. We have

(12GM ;v =— ,
R.

(12)

Note that the relations close to those above can be also

derived for other considered asteroid expansion models (breaking

down into two or more fragments).

Substituting (12) in (1) we obtain the time dependence  of

asteroid radius R

[)
z R;- R ; = m.t ,
3

(13)

or

(14)

Our interest is with the late scattering snage, when A << 1. In

this case relatione (14) takes the following form:

6= 1 = 0,79.106
6zGpOr2 por2 ‘

where the time prior to impact against

(15)

the Earth t is

expressed in secondes, the

For example, if there is a

initial asteroid density p ~ is in g/cmS,

day before  impacting against ~teroid,
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whose rock constituents density is 3 g/cms, asteroid having been

affected with imparting the escape velocity  to its fragments will

dispeme in an avemge density by a factor of 6-1=2,8.104 before

falling on the Earth, If the sateroid radius is ~0 HI()()m, its

fragments will dispeme over the area with radius ~ = R *6 ~m3 km,

which is known to be insufficient  for preventing after-effect  of its

fall. Thus, to disperse asteroid over rather large areas in “near

interception” releases of energy are required, which impart

velocities to its fragments being much higher than the escape

velocity, VO>>V. De~ndence of asteroid dimention on its

scattering time defined by relation (3) and (5) can be presented for

this case as

where ()X=1-P 1-+ ,

Recall designations:

In the limiting case

are interested in

~+ O. In this case

or

of the

expressing

of P+ 1 expression (16)

the limiting case of “rapid

goes into (15). We

expansion”, when

formula (16) becomes  an evident relation

R = Ro+vot~vOt ,

the initial

total kinetic ehergy

asteroid surface velocity  V. in terms

of asteroid fmgments  relative to its

3 m; “
center during a uniform expansion w = –— f r~dro =

2 R; ~
~Mv~ , we

find that to expand asteroid to R radius the following kinetic

energy should be imparted to its fragments:
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(17)

We take the falling asteroid energy  E dis~rsion over ama

E
a= -1015 erg/m2 W—-

fl R2

comparable  to thermal solar

ecologically safe. This value is

mdiation energy release over a unit of

the Earth surface area during twenty-four  hours. For the asteroid

having rtadius RO =100  m and rock constituents density

pos3g/cm3, which is moving to the Earth at the velocity  of

25km/s,  and has kinetic energy 1Os Mt of TNT equivalent, such

density of energy  release can be realized with the mdius of the

falling area of its fragments Rs1OO km. Relation (17) specifies the

kinetic energy needed for that, which should be imparted to

asteroid fragments, depending on the interception time ~ (from

3,aloaexplosion to potential fall on the Earth), W z ~z erg, where t is

expressed in seconds. If asteroid interception has been made at a

distance of 105 km from the Earth, I e. an hour before  its fall, the

required kinetic energy imparted to fxagments will be

W~0,3.10merg ~ 0,7 kt of TNT equivalent. If -1% of explosion

energy goes over into kinetic energy of scattering, the energy of

-100 kt of TNT equivalent is needed for the required dispersion of

asteroid rock constituents..

For illustration purposes

interception time for asteroid

Fig. 3 shows W dependence  on the

having &a100m  and 1000m.



-12-

11 IllWll;0.0100 ::::!!!?:::::::s!:: ::f~~:ff~:i::::f~:!::::~::::~ ::::::::::::~:,,,,,,,,,\,,,,:,/::::4!!:::::::!!!:.:::::::::::::::: ::::::::,:.  ::::::: ::*::

1

‘::::::’::’’:’’’’” ::::::::::T:::::::*  :’:’: ‘“: Im m ::::::...-”.:::::::  . . . . . . . . . . . . . . . . . ::::: :::: ::: ::::: :. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . ::::::::::4..::.:1.:.:.  :::. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

‘------”-- :::L:; ‘:;: ‘: ~:; ; ~~:~~ ~;i~~ ~~;;: ‘: 1;:: ~O.~10 iiiii~~iii;liiiiiii

k::~;:::::f::::::::::$::::::  ::::::: :::
;::: : :::::::,:,:::::::::  ,,::,:::,, ,:::::,:,:,  ,;:: :,:f;:: ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
+ t. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . --.-. -..---.  -------+----------  -----.-{----- --- }. . . . . . . .

I I ,,
0.0001 ! I I lit I I I IllI I I I I

1

Dependence

10 100
Interception  be T, hours

of kinetic

Fig.3

energy of asteroid fmgments,  necessary

for their dispersion to the required level, on the interception time

(before  its fall on the Earth) for asteroids having ~O=loO m and

1000 m.

As Fig. 3 shows, the energy release necessary for

neutralization rises sharply as its dimention increase

asteroid

(w-g],

Therefore, to intercept large asteroids having ~O>lOOm of great

importance is the increase of the factor converting the explosion

energy into kinetic energy  of fragments, which can be attained

through double  asteroid affecting: the first ‘weak” effect  is used

to disperse fragments; it is followed by a more powerful explosion

at the center after asteroid rock constituents have collapsed.
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